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Description 

AMPLIFIER WITH FIXED INPUT 
IMPEDANCE OPERATED IN VARIOUS 

GAIN MODES 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The invention relates to an amplifier with substantially 

fixed input impedance and related method, and more par- 
ticularly, to an amplifierand related method for utilizing a 
plurality of resistive negative feedback circuits to process 
a plurality of feedback signals so as to keep the input 
impedance of the amplifier substantially fixed in various 
gain modes. 

[0003] 2. Description of the Prior Art 

[0004] Low-noise amplifiers (LNA) are indispensable elements in 
a receiver of a wireless communications system and used 
for providing signals received by an antenna with gains 
and sensitivity. Since the low-noise amplifier is installed 



in a front end of the receiver to process generally very 
weak signals, the performances of the low-noise ampli- 
fier, such as the noise figure, the RF gain, and the non- 
linearity, are highly related to the gross performance of 
receiver. 

[0005] Please refer to Fig.l, which is a functional block diagram 
of a receiver 10 in a wireless communications system. The 
receiver 10 in the present embodiment is mainly applied 
to the wireless communications system operating at 
0.9GHz to lOGHz. Nowadays, most commercial wireless 
communications systems, such as GSM, Blue-tooth, and 
WLAN, operate around the frequency region (0.9GHz to 
lOGHz). The receiver 10 includes an antenna 12, a filter 
14, a low-noise amplifier 16, a mixer 18, a local oscillator 
generator 20, and a signal processing module 22. The an- 
tenna 12 is used to receive an RF signal RF. After the RF 
signal RF is obtained from the antenna 12, the filter 14 
will operate a frequency selection process for the RF sig- 
nal RF to generate an input signal SI. The low-noise am- 
plifier 16 then amplifies the input signal SI by a predeter- 
mined gain ratio. Since the receivedRF signal RF and the 
filtered input signal SI are very weak, the low-noise ampli- 
fier 16 installed after the filter 14 should bring very low 



noise. Afterwards, the input signal SI is outputted from 
the low-noise amplifier 16 and down-sampled to a spe- 
cific frequency by the mixer 18 and the local oscillator 
generator 20. The signal processing module 22 will pro- 
ceed with advanced operations such as demodulation. 
[0006] When being implemented, under various conditions, the 

receiver 10 of the wireless communications system cannot 
receive the RF signal RF with fixed magnitude. Taking the 
signal transmission in a cellular phone as an instance, 
when the receiver 10 approaches the signal emitting end, 
such as a base station, the magnitude of the RF signal RF 
is higher than that when the receiver 10 is far away from 
the signal emitting end. Since the exceeding RF signal RF 
may saturate the system and disable the amplifier to lin- 
early amplify signals, the low-noise amplifier 16 is gener- 
ally designed as a variable gain amplifier operating in a 
plurality of gain modes. In the following statement, the 
variable gain amplifier can operate in two gain modes: a 
high-gain mode and a low-gain mode. As shown in Fig.l, 
when the input signal SI is small, the low-noise amplifier 
16 operates in the high-gain mode, and the input signal 
SI is amplified by a higher gain ratio and then outputted. 
On the other hand, when the input signal SI is large, the 



low-gain mode is applied to process the input signal SI for 
avoiding the saturation of the low-noise amplifier 16. 
Please refer to Fig. 2, which is a functional block diagram 
of an embodiment of the prior-art low-noise amplifier 16 
shown in Fig.l. The low-noise amplifier 16 is a variable 
gain amplifier, which can operate respectively in a high- 
gain mode and a low-gain mode. The low-noise amplifier 
16 includes an input port 32, a gain circuit 34, and an 
output port 36. The input port 32 is used to receive the 
input signal SI, and the gain circuit 34 includes transistors 
Q1-Q5 and adjustable three biases B1-B3. The gain circuit 
34 can be used to amplify the input signal SI by two cor- 
responding (high/low) gain ratios respectively in the two 
(high/low) gain modes. The output port 36 is used to out- 
put the input signal SI amplified by the gain circuit 34. 
[0007] Please continue to refer to Fig. 2. When the low-noise am- 
plifier 16 operates in the high-gain mode, the bias B2 is 
higher than the bias B3, the transistors Ql, Q2, Q4, Q5 
turn on, and the transistor Q3 turns off. The input signal 
SI is amplified through the transistors Ql, Q2, Q4, Q5 in 
the gain circuit 34 and outputted by the output port 36. 
When the low-noise amplifier 16 operates in the low-gain 
mode, the bias B3 is higher than the bias B2, the transis- 



tors Ql, Q3, Q4, Q5 turn on, and the transistor Q2 turns 
off. The input signal SI is amplified through the transistors 
Q4, Q5 and outputted by the output port 36. By initially 
making the sizes of the transistors Ql, Q2, Q3 larger than 
those of the transistors Q4, Q5, only a little part of the in- 
put signal SI passes the transistor Q4, Q5 to the output 
port 36, while most of the input signal SI passes the tran- 
sistors Ql, Q3 to a voltage source VCC. Therefore, the 
switch between the high-gain mode and the low-gain 
mode relies on the comparison between the bias B2 and 
the bias B3 with constant bias Bl. When being imple- 
mented, the bias B2 remains at a predetermined voltage 
value, while the bias B3 is switched between two values 
(higher/lower than the bias B2). 
[0008] In addition, anamplifier generally includes an input 

impedance and an output impedance. In a system, once 
the amplifier is electrically connected to other circuitries, 
a loading effect may occur to affect the performances of 
the whole system due to the (input/output) impedance 
mismatch between the amplifier and other circuitries. 
Please refer to both Fig.l and Fig. 2. The low-noise ampli- 
fier 16 includes an input impedance Zinl, an inductive 
negative feedback circuit 38, and an inductive loading Lc. 



For avoiding the impedance mismatcli between the filter 
14 and the low-noise amplifier 16 to affect the response 
of the filter 14 and the performance of the low-noise am- 
plifier 16, in the prior-art embodiment, the emitters of the 
transistor Ql, Q4 are electrically connected to the induc- 
tive negative feedback circuit 38 in order to adjust the in- 
put impedance Zinl. Therefore, when the low-noise am- 
plifier 16 is switched between the high-gain mode and the 
low-gain mode, the response of the filter 14 will not 
change due to the change of the input impedance Zinl 
and thus the performance of the receiver 10 can be main- 
tained. 

[0009] However, since the circuit area of the inductive negative 
feedback circuit 38 is too large, concerning the cost, the 
resistive loading and the resistive negative feedback cir- 
cuit are more acceptable for the industry. Please refer to 
Fig. 3, which is a functional block diagram of another em- 
bodiment of the prior-art low-noise amplifier 16 shown in 
Fig.l. The low-noise amplifier 16 is still a variable gain 
amplifier operating in the high-gain mode and the low- 
gain mode. Similar to the embodiment shown in Fig. 2, the 
low-noise amplifier 16 consists of the input port 32, the 
gain circuit 34, the output port 36, and an input 



impedance Zinl. The gain circuit 34 includes tlie transis- 
tors Ql-Q5and adjustable three biases B1-B3" for ampli- 
fying the input signal SI by corresponding two (high/low) 
gain ratios respectively in the two (high/low) gain modes. 
The main difference between the present embodiment and 
the previous one is that in the present embodiment, a re- 
sistive loading RL and a resistive negative feedback circuit 
40 substitute the inductive loading Lc and the inductive 
negative feedback circuit 38 shown in Fig. 2 to achieve a 
negative feedback function. For clarifying the characteris- 
tics of the resistive negative feedback, we take another 
amplifier as an instance. Please refer to Fig. 4, which is an 
(simple) amplifier 50 combined with a resistor Rf used for 
resistive negative feedback circuit. The amplifier 50 con- 
sists of a transistor Q6, an input port 52, an output port 
56, an effective resistor R, and a resistor Rf for negative 
feedback. Without the resistor Rf (for negative feedback) 
involved, the amplifier has the voltage gain, 



Avl = g„-R 



wherein g is a cliaracteristic parameter of the transistor 

m 

Q6. As shown in Fig. 4, the real line shows a frequency re- 
sponse of the amplifier 50 without the negative feedback 
(the horizontal axis represents the frequency f, and the 
vertical axis represents the gain Av). With the resistor Rf 
involved, the gain diminishes to 



Avl-^g^-R-Rf/iRf + R) 



, and the dotted line shown in Fig. 4 represents the fre- 
quency response of the amplifier 50 with the negative 
feedback. As shown in Fig. 4, the diminished gain (reduced 
by 



Rf/(Rf + R)) 



) can instead bring a better frequency response for the 
gain ratio of tlie frequency response remains flat over a 
wider frequency range. In tlie meantime, tlie distortion is 
also reduced along with the reduction of the gain ratio. In 
addition, the input impedance Zin2 of the amplifier 50 is 
changed to 



by the effect of the resistor Rf; that is, the resistive nega- 
tive feedback circuit 40 can be used to adjust the input 
impedance Zin2 of the amplifier. 
[0010] Please refer bacl< to Fig. 3. The resistive negative feedbacl< 
circuit 40 is a resistor R electrically connected to a capaci- 
tor C. The embodiment shown in Fig. 3 operates similarly 
to the embodiment shown in Fig. 2. When the low-noise 
amplifier 16 operates in the high-gain mode, partial input 
signal SI processed and outputted to the output port 36 
will be fed back from the output port 36 to the input port 
32 via the resistive negative feedback circuit 40, called a 
feedback signal. However, when the low-noise amplifier 



16 is switched to tlie low-gain mode, a little input signal 
SI will pass the transistors Q4', Q5' to the output port 36, 
while most of the input signal SI pass the transistors Ql', 
Q3' to a voltage source VCC; that is, only a little feedback 
signal passes the resistive negative feedback circuit 40 
back to the input port 32. Therefore, in various gain 
modes, the resistive negative feedback circuit 40 cannot 
be used to adjust the input impedance so that the input 
impedance Zinl' ill alter in different gain modes. As we 
know, the filtering response of the filter 14 will be dis- 
torted by the impedance mismatch between the filter 14 
and the low-noise amplifier 16, and the performances of 

the low-noise amplifier 16 will be affected. 
Summary of Invention 

[0011] It is therefore a primary objective of the claimed invention 
to provide an amplifier and related method for utilizing a 
plurality of resistive negative feedback circuits to process 
corresponding feedback signals so as to keep the input 
impedance of the amplifier substantially fixed in various 
gain modes and to solve the above-mentioned problems. 

[0012] In the amplifier of the claimed invention, a plurality of re- 
sistive negative feedback circuits are respectively installed 
in a plurality of corresponding paths through which a 



feedback signal will pass in various gain modes. In each 
gain mode, at least a corresponding resistive negative 
feedback circuit will be used to process the corresponding 
feedback signal, so that the input impedance of the am- 
plifier can remain substantially fixed in various gain 
modes. In addition, at least a predetermined resistive 
negative feedback circuit is connected to corresponding 
switch device for determining whether the feedback signal 
passes the predetermined resistive negative feedback cir- 
cuit to the input port according to the corresponding gain 
mode. 

[0013] In the claimed invention, a differential amplifier, operating 
in a differential mode, is disclosed and achieved by com- 
bining two amplifiers of the same characteristics. The dif- 
ferential amplifier of the present invention still has sub- 
stantially fixed input impedance by utilizing a plurality of 
resistive negative feedback circuits and at least a corre- 
sponding switch device to process the feedback signal in 
various gain modes, so that the input impedance of the 
differential amplifier can remain substantially fixed in var- 
ious gain modes. In addition, with the characteristics of 
the differential mode, the differential amplifier can stop 
being interfered with and generating interference while 



operating with a wider frequency response. 
[0014] According to the claimed invention, an amplifier with sub- 
stantially fixed input impedance when operating in a plu- 
rality of gain modes is disclosed. The amplifier comprises 
an input port for receiving an input signal, a gain circuit 
for amplifying the input signal by corresponding gain ra- 
tios in various gain modes, a plurality of resistive negative 
feedback circuits electrically connected to the input port 
and the gain circuit forkeeping the input impedance of the 
amplifier substantially fixed in various gain modes, and an 
output port for outputting the input signal amplified by 
the gain circuit. 

[0015] According to the claimed invention, a method used in an 
amplifier for keeping the input impedance of the amplifier 
substantially fixed in a plurality of gain modes is dis- 
closed. The amplifier comprises a gain circuit and a plu- 
rality of resistive negative feedback circuits. The method 
comprises utilizing the gain circuit to switch the amplifier 
among various gain modes, and utilizing the plurality of 
resistive negative feedback circuits to keep the input 
impedance of the amplifier substantially fixed in various 
gain modes. 

[0016] According to the claimed invention, a differential amplifier 



with substantially fixed input impedance when operating 
in a plurality of gain modes comprises: a positive input 
port for receiving a positive input signal; a negative input 
port for receiving a negative input signal; a positive am- 
plifier circuit electrically connected to the positive input 
port, the positive amplifier circuit comprising: a positive 
gain circuit for amplifying a positive input signal by corre- 
sponding gain ratios; and a plurality of positive resistive 
negative feedback circuits for keeping the input 
impedance of the positive amplifier circuit substantially 
fixed in various gain modes; and a negative amplifier cir- 
cuit electrically connected to the negative input port, the 
negative amplifier circuit comprising: a negative gain cir- 
cuit for amplifying a negative input signal by correspond- 
ing gain ratios; and a plurality of negative resistive nega- 
tive feedback circuits for keeping the input impedance of 
the negative amplifier circuit substantially fixed in various 
gain modes; a positive output port electrically connected 
to the positive amplifier circuit for outputting the pro- 
cessed positive input signal; and a negative output port 
electrically connected to the negative amplifier circuit for 
outputting the processed negative input signal. 
[0017] These and other objectives of the present invention will no 



doubt become obvious to those of ordinary sicill in tlie art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0018] Fig.l is a functional block diagram of a receiver in a wire- 
less communications system. 

[0019] Fig. 2 is a functional block diagram of an embodiment of 
the prior-art low-noise amplifier shown in Fig.l. 

[0020] Fig. 3 is a functional block diagram of another embodi- 
ment of the prior-art low-noise amplifier shown in Fig.l. 

[0021] Fig. 4 is an amplifier combined with a resistor Rf used for 
resistive negative feedback circuit. 

[0022] Fig. 5 is a schematic diagram of an embodiment of an am- 
plifier according to the present invention. 

[0023] Fig. 6 is a schematic diagram of another embodiment 

showing an amplifier according to the present invention. 

[0024] Fig. 7 is a schematic diagram of a detailed embodiment 
shown in Fig. 6. 

[0025] Fig. 8 is a list illustrating three biases shown in Fig. 7. 

[0026] Fig. 9 is a flow chart showing a method embodiment ac- 
cording to the present invention. 



[0027] Fig. 10 is a functional blocl< diagram of a differential am- 
plifier according to the present invention. 
[0028] Fig. 11 is a schematic diagram of a detailed embodiment 

of the differential amplifier shown in Fig. 10. 
Detailed Description 

[0029] Please refer to Fig. 5, which is a schematic diagram of an 
embodiment of an amplifier 60 according to the present 
invention. Similar to the prior-art embodiments shown in 
Fig. 2 and Fig. 3, the amplifier 60 in the present embodi- 
ment includes an input port 62, a gain circuit 64, an out- 
put port 66, and an input impedance Zin3. The input port 
62 is used to receive an input signal SIB, and the gain cir- 
cuit 64 includes the transistors Q7-Q11 and three ad- 
justable biases B4-B6. In contrast to the embodiment 
shown in Fig. 2, the transistors Q7-Q11 respectively corre- 
spond to the transistors Q1-Q5, and the three biases 
B4-B6 respectively correspond to the biases B1-B3. The 
gain circuit 64 is also used to amplify the input signal SIS 
received from the input port 62 by corresponding gain ra- 
tios in various gain modes. The output port 66 is used to 
output the input signal SI amplified by the gain circuit 64. 
The present embodiment inherits the designation of two 
gain modes (in the prior-art embodiments): a high-gain 



mode and a low-gain mode. When the bias B5 is higher 
than the bias B6, the amplifier 60 operates in the high- 
gain mode. The input signal SI3 is amplified by the tran- 
sistors Q7, Q8, QIO, Qll in the gain circuit 64 and out- 
putted to the output port 66. When the bias B6 is higher 
than the bias B5, the amplifier 60 operates in the low-gain 
mode; in the meantime, only a little part of the input sig- 
nal SIB will pass the transistors QIO, Qll to the output 
port 66, while most of the input signal SIB will pass the 
transistors Q7, Q9 to a voltage source VCC. Therefore, in 
the present embodiment, the switch between the high- 
gain mode and the low-gain mode is still determined by 
comparing the bias B5 with the bias B6. 
[0030] In each gain mode, a feedback signal will be fed back to 
the input port via at least a corresponding path. In the 
present embodiment, the amplifier 60 includes two resis- 
tive negative feedback circuits, a high gain resistive nega- 
tive feedback circuit 67 and a low gain resistive negative 
feedback circuit 69, which are respectively implemented 
by a resistor electrically connected to a capacitor (the high 
gain resistive negative feedback circuit 67 includes a re- 
sistor Rfl and a capacitor Cfl; the low gain resistive neg- 
ative feedback circuit 69 includes a resistor Rf2 and a ca- 



pacitor Cf2). The high gain resistive negative feedbaclc 
circuit 67 is mainly used to process the feedbacl< signal in 
the high-gain mode, and the low gain resistive negative 
feedback circuit 69 is used to process the feedback signal 
in the low-gain mode. Refer to both the prior-art embodi- 
ment shown in Fig. 3 and the present embodiment, the 
high gain resistive negative feedback circuit 67 corre- 
sponds to the resistive negative feedback circuit shown in 
Fig. 3; that is, in the high-gain mode, the feedback signal 
will be fed back form the output port 66 to the input port 
62 mainly via the high gain resistive negative feedback 
circuit 67, while in the low-gain mode, the feedback sig- 
nal is fed back from the voltage source VCC to the input 
port 62 mainly via the low gain resistive negative feedback 
circuit 69. In addition, the amplifier 60 further includes a 
switch device 68, which is electrically connected to the 
low gain resistive negative feedback circuit 69. Therefore, 
when being implemented, in the high-gain mode, the 
switch device 68 will be opened, so that the feedback sig- 
nal will not be affected by the low gain resistive negative 
feedback circuit 69 (the resistor Rf2 and the capacitor Cf2) 
and be fed back from the output port 66 to the input port 
62 mainly via the high gain resistive negative feedback 



circuit 67. In tlie low-gain mode, due to that most of the 
input signal SIS will pass the transistors Q7, Q9 to the 
voltage source VCC, in order to process the signal fed 
back via the voltage source VCC, the switch device 68 will 
be closed so that most of the feedback signal is fed back 
from the voltage source VCC to the input port 62 via the 
low gain resistive negative feedback circuit 69. Therefore, 
by properly determining the values of the resistor Rf2 and 
the capacitor Cf2, the input impedance Zin3 (of the ampli- 
fier 60) can remain substantially fixed in both the low- 
gain mode and the high-gain mode for avoiding affecting 
the performances of the filter. 
[0031] Please notice that the types of the transistors Q7-Q11 in 
the above-mentioned embodiment can be bipolar junction 
the transistors (BJT) or metal-oxide semiconductor (MOS) 
transistors. Please refer to Fig. 6, which is a schematic dia- 
gram of another embodiment showing an amplifier 80 ac- 
cording to the present invention. Inheriting the character- 
istics of the former embodiment shown in Fig. 5, the am- 
plifier 80 of the present embodiment also includes an in- 
put port 82 (for receiving an input signal SI3), a gain cir- 
cuit 84, and an output port 86. In addition, the amplifier 
80 includes an input impedance Zin3. The gain circuit 84 



consists of transistors Q7'-Q11', three adjustable biases 
B4'-B6', a high gain resistive negative feedbacl< circuit 87 
(including a resistor Rfl' and a capacitor Cfl'), and a low 
gain resistive negative feedback circuit 89 (including a re- 
sistor Rf2' and a capacitor Cf2'). The main difference be- 
tween the present embodiment and the embodiment 
shown in Fig. 5 is that the two resistive negative feedback 
circuits in the present embodiment are installed with 
switch devices, a first switch device 83 electrically con- 
nected to the high gain resistive negative feedback circuit 
87 and a second switch device 85 electrically connected to 
the low gain resistive negative feedback circuit 89. The 
first switch device 83 can be implemented by a transistor 
Q12 and a control signal Ctrl, and the second switch de- 
vice 85 can also be implemented by a transistor Q13 and 
a control signal Ctr2. The second switch device 85 can 
correspond to the switch device 68 in the embodiment 
shown in Fig. 5. Therefore, in the high-gain mode, the 
second switch device 85 is opened, and the first switch 
device 83 is closed so that the feedback signal can be fed 
back from the output port 86 to the input port 82 totally 
via the high gain resistive negative feedback circuit 87. On 
the other hand, in the low-gain mode, the first switch de- 



vice 83 is opened, and tlie second switcli device 85 is 
closed so that the feedbacl< signal can be fed back from 
the voltage source VCC to the input port 82 totally via the 
low gain resistive negative feedback circuit 89. Similarly, 
by properly determining the values of the resistor Rfl', the 
capacitor Cfl', the resistor Rf2', and the capacitor Cf2', the 
input impedance Zin3' of the amplifier 80 can remain sub- 
stantially fixed in the low-gain mode and the high-gain 
mode. 

[0032] In fact, the number of gain mode is not limited to just 

two: "high" and "low". Regarding the embodiment shown 
in Fig. 6, when being implemented, the bias B5' can bekept 
at a predetermined voltage value, while the bias B6' is 
switched among three different voltages respectively 
higher than, low than, or equal to the bias B5' to achieve 
the transformation among three different gain modes. 
Please refer to Fig. 7, which is a schematic diagram of a 
detailed embodiment shown in Fig. 6. In order to empha- 
size the switch among three different voltages corre- 
sponds to the transformation among three different gain 
modes, the embodiment shown in Fig. 7 shows detailed 
circuitries of the three adjustable biases B4'-B6'. The three 
biases B4'-B6' respectively correspond to the three bias 



suppliers 90, 91, 92. The bias B5' is substantially fixed at 
a predetermined voltage value, and the predetermined 
voltage value is shown in Fig. 8, which is a list illustrating 
the three biases B4'-B6' shown in Fig. 7. As shown in Fig. 8, 
the predetermined voltage value of the bias B5' is 1.6, and 
the bias B6' can be switched between a high voltage value 
(2.7V) and a ground voltage GND (OV) to switch the ampli- 
fier 80 between the low-gain mode and the high-gain 
mode. When the bias B6 is totally the same as the bias B5' 
(1.6V), among the input signal SI3, the amount delivered 
from the transistors QIO', Qll' to the output port 86 is 
similar to that delivered from the transistors Q7', Q9' to 
the voltage source VCC. Therefore, the gain ratio is lo- 
cated between the gain ratio in the high-gain mode and 
that in the low-gain mode; the situation is called a 
medium-gain mode. In the medium-gain mode, the first 
switch device 83 and the second switch device 85 both 
conduct so that the input impedance ZinB' of the amplifier 
80 in the medium-gain mode remains the same as that in 
the high/low-gain mode. Therefore, the amplifier 80 op- 
erating in the three different gain modes (high, low, and 
medium) has a substantially fixed input impedance ZinB'. 
In addition, the number of the gain modes is not re- 



stricted to a certain number; that is, tlie main cliaracteris- 
tic of tlie present invention is utilizing a plurality of resis- 
tive negative feedback circuits, which are installed with 
corresponding switch devices and located in a plurality of 
paths the feedback signal passes in various gain modes, 
to respectively process the feedback signal in various gain 
modes in order to keep the input impedance of the ampli- 
fier substantially fixed in various gain modes. 

[0033] Please notice that the above-mentioned embodiments of 
amplifiers shown in Fig. 5 to Fig. 7 are mainly applied in 
the receiver of a wireless communications system to be a 
low-noise amplifier. In summary, the method of the 
present invention for keeping the input impedance of the 
amplifier substantially fixed in a plurality of gain modes 
can refer to Fig. 9, which is a flow chart showing a method 
embodiment according to the present invention. The am- 
plifier includes an input port, a gain circuit, at least a 
switch device, a plurality of resistive negative feedback 
circuits, and an output port. The present invention in- 
cludes following steps: 

[0034] Step 100: utilize the input port to receive an input signal; 

[0035] Step 102: utilize the gain circuit to amplify the input sig- 
nal by a corresponding gain ratio in each gain mode; 



[0036] Step 104: utilize the plurality of resistive negative feed- 
back circuits and at least a switch device to keep the input 
impedance of the amplifier substantially fixed in various 
gain modes. In detail, operate at least a switch device to 
make the feedback signal feed back through at least a 
corresponding resistive negative feedback circuit to the 
input port in various gain modes, so that the input 
impedance of the amplifier remains substantially fixed in 
various gain modes; 

[0037] Step 106: utilize the output port to output the input signal 
amplified by the gain circuit. 

[0038] Another main characteristic of the present invention is the 
characteristic of a differential amplifier. The differential 
amplifier of the present invention can be implemented by 
merging two amplifiers shown in Fig. 5 to Fig. 7, and 
wherein one of the two amplifiers is treated as a positive 
amplifier circuit while the other as a negative amplifier 
circuit. The output signal is a difference between the two 
output signals of the two amplifiers. Please refer to 
Fig. 10, which is a functional block diagram of a differen- 
tial amplifier 100 according to the present invention. The 
differential amplifier 100 includes a positive input port 
102P, a negative input port 102N, a positive amplifier cir- 



cuit lOOP, a negative amplifier circuit lOON, a positive 
output port 106P, and a negative output port 106N. The 
differential amplifier 100 further includes an input 
impedance ZinD. The positive input port 102P is used to 
receive a positive input signal SIP, and the negative input 
port 102N is used to receive a negative input signal SIN. 
The positive amplifier circuit lOOP is electrically connected 
to the positive input port 102P, and the negative amplifier 
circuit lOON is electrically connected to the negative input 
port 102N. In addition, the positive output port 106P is 
electrically connected to the positive amplifier circuit lOOP 
in order to output the positive input signal SIP processed 
by the positive amplifier circuit lOOP; the negative output 
port 106N is electrically connected to the negative ampli- 
fier circuit lOON in order to output the negative input sig- 
nal SIN processed by the negative amplifier circuit lOON. 
Actually, the positive input port 102P, the positive ampli- 
fier circuit lOOP, and the positive output port 106P can be 
combined to be regarded as a disclosed low-noise ampli- 
fier (shown in Fig. 5 to Fig. 7) according to the present in- 
vention. Similarly, the negative input port 102N, the nega- 
tive amplifier circuit lOON, and the negative output port 
106N can also be combined to be regarded as an 



(low-noise) amplifier. Please refer to Fig. 11, which is a 
schematic diagram of a detailed embodiment ofthe differ- 
ential amplifier 100 shown in Fig. 10, and the embodiment 
shown in Fig. 11 is implemented by merging the two am- 
plifiers 80 shown in Fig. 6. The differential performance of 
the differential amplifier depends on the accuracy of the 
phase difference between the positive input signal and the 
negative input signal. When the phase difference is not 
accurate, a common mode signal will emerge to affect the 
differential performance. As shown in Fig. 11, the positive 
amplifier circuit lOOP includes a positive gain circuit 104P, 
a plurality of (two) positive resistive negative feedback cir- 
cuits HOP, and a plurality of (two) positive switch devices 
108P. The positive gain circuit 104P is used to amplify the 
positive input signal SIP by a corresponding gain ratio for 
in each gain mode, and the plurality of positive resistive 
negative feedback circuits HOP and the positive switch 
devices 108P can be used to keep the input impedance 
ZinP of the positive amplifier circuit lOOP substantially 
fixed in various gain modes. The negative amplifier circuit 
lOON operates the same as the positive amplifier circuit 
lOOP does. 

[0039] According to the preceding paragraph, the positive ampli- 



fier circuit lOOP and tlie negative amplifier circuit lOON 
have substantially fixed input impedances in various gain 
modes. Therefore, we can implement the positive ampli- 
fier circuit lOOP and the negative amplifier circuit lOON 
with two identical amplifiers so that the input impedance 
of the positive amplifier circuit lOOP is equal to that of the 
negative amplifier circuit lOON in various gain modes 
(ZinP = ZinN). Due to that the input impedance ZinD of 
the differential amplifier 100 is a mathematical combina- 
tion of the input impedance ZinP and the input impedance 
ZinN, the input impedance ZinD of the differential ampli- 
fier 100 can remain substantially fixed in various gain 
modes. That is, if each amplifier contained in the differen- 
tial amplifier 100 has the substantially fixed input 
impedance, the input impedance ZinD of the differential 
amplifier 100 will remain substantially fixed. In addition, 
since the differential amplifier 100 operates in the differ- 
ential mode, the differential amplifier 100 has more ad- 
vantages than do general single-ended amplifiers, such as 
the embodiments shown in Fig. 5 to Fig. 7. With the char- 
acteristics of the differential mode, the differential ampli- 
fier 100 can get rid of being interfered and generating in- 

nd 

terference, generating less 2 order interception point 



(IP2) in the front-end of the receiver with less DC offset. 
In addition, the frequency response of the differential am- 
plifier 100 is wider than that of general single-ended am- 
plifiers. Being a low-noise differential amplifier, the dif- 
ferential amplifier of the present invention can be applied 
to a wireless communications system. 

[0040] According to the present invention, an amplifier with sub- 
stantially fixed input impedance is disclosed. In the am- 
plifier, a plurality of resistive negative feedback circuits 
are respectively installed in a plurality of corresponding 
paths through which a feedback signal will pass in various 
gain modes. In each gain mode, at least a corresponding 
resistive negative feedback circuit will be used to process 
the corresponding feedback signal, so that the input 
impedance of the amplifier can remain substantially fixed 
in various gain modes. Therefore, the distortion of a fil- 
tering response caused by impedance mismatch can be 
avoided. In addition, a differential amplifier with substan- 
tially fixed input impedance is also disclosed to meet vari- 
ous requirements in communications systems. 

[0041] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 



ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



